Dry matter accumulation, nitrate reductase activity of various organs, nitrate accumulation, nitrogen derived from nitrate, and nitrogen content were studied during 17 days of vegetative regrowth of harvested (detopped) alfalfa (Medicago sativa L.). Seedigs were grown in the glasshouse and treated with 0, 40, and 80 kilograms N per hectare applied as KlVNO3 to determine whether reduced nitrogenase activity after shoot harvest limited vegetative regrowth. The role of nodules in reducing N03-during this period of low nitrogenase activity was also investigated.
K'5N03, while leaf, stem, and nodule nitrate reductase increased significantly. Significant increases in total plant nitrate reductase activity were highly correlated with shoot regrowth. Nodules incorporated N from "NO3 , and calculations showed that 1.5% of the total plant N These results indicate that, although alfalfa will efficiently utilize low levels of applied N in lieu of nitrogen fixation, N fertilization of seedling alfalfa after shoot removal will be of little value to increase yields. These data also indicate that nodules reduce N03-, but their contribution to total plant N during regrowth is relatively small.
Nitrogen assimilation studies in legumes are confounded by the ability of the plant to fix atmospheric nitrogen and to reduce nitrate (5, 7, (12) (13) (14) . Numerous studies have attempted to account for the amount of nitrogen derived from nitrogen fixation versus that derived from fertilizer. However, few ofthese have considered nitrogen assimilation of perennial legumes.
The amount of nitrogen derived from either combined sources or the atmosphere depends upon the species, available nitrate or ammonium, and the environment (12, 13, 21) . Peas, soybeans, and clover obtain 25 to 60o of total plant nitrogen from fixation (12, 13 tions indicate that a sizeable portion of nitrogen in legumes must come from sources other than the atmosphere.
The alternate source ofnitrogen for legumes is generally thought to be nitrate via the enzyme nitrate reductase (7, 8) . The distribution of NRA2 in plant organs is species-and substrate-dependent (1, 9, 15, 24) . The predominant site of nitrate reduction in Lupinus, Raphanus, Pisum, Vicia, and Phaseolus appears to be in roots, in contrast to the major activity occurring in shoots of Xanthium, Stellaria, and Trifolium (1, 15, 24) . NRA also has been demonstrated in nodules of numerous legumes (3, 4, 11, 18, %NdNO3-during regrowth period
mg N day x -mg N day 1 where day x = 4, 7, 10, 17 days of regrowth. This calculation corrects for the unlabeled N that was in the plant at the initiation of the experiment. Since unlabeled N is corrected for, the values obtained by formula B will always be higher than the values obtained by formula A. Nitrate concentrations in samples were determined by the salicylic acid method (2) . Total nitrate-nitrite N in the sandbench sections was quantitated at each sampling date by the University of Minnesota Research Analytical Laboratory. Acetylene reduction activity was measured as described previously (22) .
NRA was determined on intact plant parts by using the in vivo assay procedure as described previously (22 (Fig. 1) . Activities ranked leaves > nodules > stems > roots. Leaf NRA was consistently 7-to 12-fold greater than either root or stem NRA. Nodule NRA of plants grown on 0 N significantly increased by day 1 following harvest, remained constant up to day 10, and then declined by day 17 ( Plant Physiol. Vol. 68, 1981 2B). Within 24 h of addition of 15NO3-, leaf and stem tissue had 6-and 4-fold increases, respectively, in NO3-concentrations as compared to the 0 N controls ( Fig. 2A) significant amounts of 5N within 1 day, and, after 10 days, derived 3 to 4.5% of their total N from NO3- (Table III) (Table IV) . Plants grown in 0 N accumulated as much N as did plants grown on either 40 or 80 kg N -ha-'. Sixty percent of the N accumulation during regrowth occurred from days 10 to 17. Root total N did not change over the course of the experiment. There were, however, trends in all treatments for root N to increase slightly from days 1 to 7 and then decline from days 10 to 17. The net result was a trend of slight loss of N over the 17 days. Stems and leaves accounted for the total net increase of N during the regrowth period. Stems contributed 19 to 23% of the total net N gain, while leaves contributed 77 to 81%. The maximum N gains occurred from days 10 to 17 and, again, reflect the increase in shoot mass during this period. DISCUSSION NRA, response of the enzyme to applied NO3-and tissue NO3-accumulation data indicated that most N03-in alfalfa is reduced in the leaves. Alfalfa roots reduce N03-, but reduction rates are low and nonresponsive to applied NO3-. This suggested that root NRA may be regulated differently than other tissue NRA. Bleeding sap studies by Pate (15) indicate that NO3-is reduced primarily in roots of many pulse legumes, while Trnfolium transports 80%o of the applied NO3-to shoots. Our data indicate that alfalfa is similar to Trifolium in location of N03-reduction. Studies of white lupine by Pate et aL (16) and Atkins et aL (1) showed that N03-was reduced primarily in the roots, and a greater percentage of C from photosynthesis was converted into dry matter in N03 -fed plants as compared to plants dependent upon N2 fixation. They suggested that nodulated legumes, which reduce N03-in shoots, may use photosynthate more efficiently than do those that reduce N03 in the roots. Current studies of carbohydrate partitioning and bleeding sap analyses in our laboratory attempt to test this concept with alfalfa.
Nitrate reductase is generally considered to be a substrateinducible enzyme (9) . However, we found NRA in all tissues of alfalfa plants grown on 0 N. This suggested that there may be a constitutive level of NRA in alfalfa. This interpretation, however, should be viewed with caution, because there were small amounts of N03-(10 AM or less) in the 0 N rooting medium. Nitrate accumulation data ( Fig. 2A) also showed NO3-accumulation in tissues of plants grown on 0 N. The NRA that we detected in plants grown on 0 N may have resulted from enzyme induction as a result of uptake of residual NO3 in the rooting medium and accumulation in tissues. An alternative explanation could be that N derived from N2 fixation was being converted either directly or indirectly into N03-and, subsequently, inducing NRA. NRA has been detected in soybeans grown on 0 N, but the authors did not discuss the observation (6, 7) . A recent study of soybean plants by Ohyama and Kumazawa (14) indicated that '5N2 could be converted to 15NO3-within the plant, although no mechanism was offered for this transformation. In any event, the detection of NRA and accumulation ofNO03 in plants grown on 0 N suggested that alfalfa efficiently scavenges and utilizes small quantities of residual NO3-. (14) have also suggested that soybean nodule NRA may contribute a substantial amount of reduced N to the plant. Observations in this study support the concept that nodule NRA can provide reduced N to the plant; however, the total amount of N (3, 7, 10, 12) showing that applied NO3-inhibits N2 fixation. Acetylene reduction (data not shown) also reflected N03 inhibition of N2 fixation.
Plants grown in either concentration of NO3 were similar in dry matter production and N content to plants dependent upon N2 fixation. Other studies of legume responses to fertilizer N (5, 7, 10, 19, 20) also have been inconclusive. Although our data do not resolve this dilemma, they do suggest that there is no practical advantage to applications of low levels of N fertilizer to alfalfa after harvest. Total N and dry matter results imply that the growth efficiency of alfalfa plants dependent upon N2 fixation is comparable to that of plants grown with N03 in the rooting medium.
Our results suggest that the temporary senescence of nodules after harvest and consequent reduction in nitrogenase activity do not significantly limit alfalfa productivity. Even at low NO3-concentrations in the root zone, nitrogen remobilization from nodules and from storage pools in root tissue must be sufficient to meet the needs of amino acid and protein synthesis until nodule function is restored. Perhaps the post-harvest increase in nodule NRA represents an alternate respiratory pathway coupled to N remobilization from nodules.
